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FOREWORD

This work was performed by the Engineering and Materials Division (EM) of the U.S. Army
Construction Engineering Research Laboratory (USACERL) for the U.S. Army Engineering and Housing
Support Center (USAEHSC) under Project 4A762731AT41, "Military Facilities Engineering Technology";
Task A, "Facilities Planning and Design"; Work Unit 044, "Improved and New Roofing for Military
Construction." The Technical Monitor during the majority of this research was Chester Kirk. The current
Technical Monitor for this work unit is Mike Smith (CEHSC-FB-S).

Appreciation is expressed to the personnel at Forts Benning and Lewis for taking samples from the
test roofs; to Mr. Bernard V. Jones and Mr. Vernon L. Kuehn of the U.S. Bureau of Reclamation for
performing the mechanical and physical tests on the material samples; and to Mr. Brian K. Young for
reducing and analyzing the recorded data. Dr. Robert Quattrone is Chief of USACERL-EM. The
Technical Editor was Gloria J. Wienke, USACERL Information Management Office.

LTC E.J. Grabert, Jr. is Commander of USACERL and Dr. L. R. Shaffer is Director.
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LONG TERM FIELD TEST RESULTS OF

EXPERIMENTAL EPDM AND PUF ROOFING

1 INTRODUCTION

Background

Most Army facilities use conventional roofing systems (such as built-up roofing) that are sometimes
expensive and complicated to construct. These conventional roofing systems are often comparatively
short-lived, resulting in high life-cycle roofing costs which are difficult for already overburdened Army
operation and maintenance budgets to absorb. Therefore, the U.S. Army Engineering and Housing Support
Center has asked the U.S. Army Construction Engineering Research Laboratory (USACERL) to attempt
to identify alternative, easy-to-install roofing systems that can improve the performance of Army roofing
while reducing life-cycle costs.

Previous work identified and evaluated alternative roofing systems that would be less susceptible to
installation error or misapplication and would not be as sensitive to storage, handling, and weather
considerations.'

Experimental roofs of single-ply ethylene-propylene-diene monomer (EPDM, a synthetic rubber)
sheet and sprayed-in-place polyurethane foam (PUF) with elastomeric coatings were installed during 1979
and 1980 at Fort Benning, GA, Fort Knox, KY, and Fort Lewis, WA. Construction of these systems was
described in Construction of Experimental Roofing,2 and the results of tests of the first 2 years of service
life were described in Field Test Results of Experimental EPDM and PUF Roofing. Annual sampling
and testing of the samples continued until 1986 at Fort Benning and Fort Lewis (Fort Knox was dropped
from the program in 1981).

Objective

The objective of this report is to document the long term results of a field test program to evaluate
the EPDM and PUF systems, from both the effect of the climate on aging/weathering of the materials and
,he repairability of the membranes by both trained contractor personnel and inadequately trained
installation personnel.

F Marvin, et al.. Evaluation of Alternative Reroofing Systems. Interim Report, M-263/ADA071578 (U.S. Army Construction
Engineering Research Laboratory [USACERL], June 1979); M.J. Rosenfield, An Evaluation of Polyvinyl Chloride (PVC) Single-
Ply Membrane Roofing Systems, Technical Report M-284/ADA097931 (USACERL, March 1981); M.J. Rosenfield, Evaluation
of Sprayed Polyurethane Foam Roofing and Protective Coatings, Technical Report M-297/ADA 109696 (USACERL, November

NI J. Rosenfield and D.E. Brotherson, Construction of Experimental Roofing, Technical Report M-298/ADA109595 (USACERL,
November 1981).

1 M.J. Rosenfield, Field Test Results of Experimental EPDM and PUF Roofing, Technical Report M-357/ADA147697
(11SACERL, September 1984).

7



Approach

The following procedures were used to carry out the objective of this study:

1. Roof systems for a 10-year field evaluation were selected based on earlier USACERI. st-ldie-

2. A test plan was developed using standard test methods published by the American Society for

Testing and Materials (ASTM) and other tests developed by government agencies.

3. Test sites were selected.

4. Test guide specifications were developed.

5. Instrumentation systems were designed.

6. Construction of the test roofing systems was monitored.

7. Test data were collected for 7 years after construction.

8. Each roof was inspected visually once a year.

Mode of Technology Transfer

Information generated by this study will impact on Corps of Engineers Guide Specifications (CEGS)
07530, Elastomeric Roofing (EPDM), and CEGS 07540, Elastomeric Roofing, Fluid Applied.

'E Marvin, ct al.; M.J. Rosenfield, March 1981; M.J. Rosenfield, November 1981.
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2 DESCRIPTION OF TEST PROGRAM

Construction of Test Roofs

EPDM Roofs

Two EPDM roofs were constructed: one at Fort Benning, GA, and one at Fort Lewis, WA. Both
are fully adhered, unballasted systems, with the membrane bonded to the insulation surface. The
insulation is sufficient to give the roofing system an overall R-value of 20.

The system at Fort Benning consists of a fluted steel deck, 3 in.* of composite board insulation
mechanically fastened to the deck, and 60-mil thick single-ply EPDM membrane. The system at Fort
Lewis consists of a poured-in-place concrete roof deck, a one-ply vapor retarder of No. 43 asphalt-
saturated and coated glass fiber base sheet installed in hot asphalt, 2-1/2 in. of rigid inorganic board stock
with asphalt-saturated organic felt lacer sheets installed in hot asphalt, and a 60-mil thick single-ply EPDM
membrane. Figure 1 shows cross sections of the EPDM roofs.

PUF Roofs

Three PUF roofs were constructed: one each at Foit Benning, GA, Fort Knox, KY, and Fort Lewis,
WA. (Fort Knox was dropped from the program in 1981 and no data will be presented.) The system at
Fort Benning consists of a poured-in-place concrete roof deck, a two-ply vapor retarder of No. 15
asphalt-saturatcd organic felt, a minimum of 3-1/2 in. of sprayed PUF, and a minimum of 20 mils of a
single-component, moisture-cured silicone coating, applied in two coats with granules in the second coat.

The system at Fort Lewis consists of a poured-in-place concrete roof deck, one ply of No. 43
asphalt-saturated and coated glass fiber base sheet in hot asphalt, a minimum 3 in. of sprayed PUF, and
a coating consisting of a base coat of a two-component polyurethane elastomer and a top coat of
chlorosulfonated polyethylene with granules. The minimum thickness was specified as 20 mils but was
actually determined to be 10 mils. Figure 2 shows the cross sections of those PUF roofs.

Figures 3 through 5 show the roof plans of the buildings selected for EPDM and PUF at Forts
Bennig and Lewis. Construction of these systems is described in Construction of Experimental Roofing.f

Test Program

'he tc.st program was designed 1c) determine how weathering would change the mechanical and
pi:, sical chaLractcristics of thc t-wo systems as well as their repairability. Properties selected for study were
tho;:.c decned es., ntial to successful performance of the materials in a roof assembly. ASTM standards
wcr', uscd when po,,iNC to dc'crniine these properties. If no ASTM test method could be found, tests
developed by te U.S. Burc,,J () Reclamation (USBR) or the U.S. Naval Civil Engineering Laboratory
(NELL) were ttmecd.

A inetc m cr:on tabht is p ', ,i cA , page 46.
M N J. ku i,:cili and 1) E. I



60 MIL EPOM MEMBRANE

60 MIL EPDM MEMBRANE Ii

3' COMPOSITE BOARD INSULATION VPRRTRE

MECHANICAL FASTENERS7

I .. * I

STEELDECKCONCRETE DECK-!

FORT BENNING FORT LEWIS

Figure 1. EPDM roofs, cross sections.

20 MIL SILICONE & GRANULES COMPOSITE COATING &

3 -f SPGRANULESA

3" SPRAYED FOAM
VAPO RETRDERVAPOR RETARDER

.1 ** 77 ..

COCEEDECK2 CONICRETE DECK-/

FORT BENNING FORT LEWIS

Figure 2. PUF roofs, cross sections.
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Figure 5. Building selected for EPDM and PUF roofing at Fort Lewis.

The initial set of tests was designed to establish the mechanical and physical characteristics of the
materials at the time of application. Subsequent tests were originally scheduled every 6 months for 2
ycars, and once a year for 8 more years to establish a pattern of performance or to note changes in
properties; however, the tests were concluded after 7 years because researchers were no longer able to
obtain proper samples from the EPDM roof at Fort Benning and because repairs to the PUF roof had
failcd.

Each test consisted of analyzing five samples and averaging the results. One sample was cut near
each comer of the roof and one near the center so that the results would have minimal dependence on the
location. In addition to the laboratory tests, visual inspections were made annually to check for changes
in appearance. loss of adhesion of EPDM membrane or PUF coating, blistering, cracking, pinholing, loss
-f granules, or any evidence of mechanical damage from foot or equipment traffic, unauthorized at-
tachments or penetrations, or natural phenomena such as hail.

Tables I and 2 list the PUF and EPDM characteristics, respectively, of interest to this study.
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Table 1

PUF Test Characteristics

Tests at Beginning of Exposure Program Remarks

Property Test Method "Property" refers to physical properties of interesL

Foam
Water Vapor ASTM C 355

Trans mission
Dimensional Stability ASTM D 2126 The amount of movement or dimensional change must not
Closed Cell Content ASTM D 2856 exceed the coating capacity.

Coating
Th ickness USBR Test These tests will establish 'baseline" for coating for
Brittle Temperature ASTM D 2137 comparison with later tests taken from field-exposed

samples.

Test at Beginning and Intermittently
During Program

Foam
Foam Density ASTM D 1622 The material must not deteriorate or lose density.
Water Absorption ASTM D 2842 Urethane foams are sensitive to moisture.
Tensile Strength USBR Test Moisture may enter from below (condensation) or
Compressive Strength ASTM D 1621 above (leakage).

Coating
Water Vapor Transmission ASTM E 96
G;lass Transition ASTM D 3418

iFoam With Applied Coating
Indentation Hardness USBR Test The foam and coating must be capable of resisting foot
A(!h,sion NCEL Test traffic and other mechanical abuses, including continued
I,,; ,t Reisistance USBR Test resistance to hail and falling objects.

rwi!t applied coating)

iieYk Monitoring
Inspection Check for adhesion loss, blistering, cracking, flaking,

peeling, pinholing, hail damage, and severe cracking or
erosion.

Wealther Data
T' ii.pcraturv
I,; nidity
Sdpir hadintion
Wii S,,ed and Direction

13



Table 2

EPDM Test Characteristics

Tests at Beginning of Exposure Program

Property Test Method Remarks

Heat Aging ASTM D 573 "Property" refers to physical properties of interest.
Accelerated Aging ASTM D 2565 This group of tests is used to provide a means of pre-
Brittleness ASTM D 2137 dicting weather performance.
Dimensional Stability ASTM D 1204

Tests at Beginning and Intermittently
During Program

Abrasion Loss ASTM D 3389 These are tests to establish the basic physical charac-
Seam Strength ASTM D 1876 & teristics typical of roof membranes. Any changes in

D 882, Method A these characteristics during service could signal aging,
Tensile Strength ASTM D 412 deterioration, and reduction of lifetime expectancy. Abra-
Ultimate Elongation ASTM D 412 sion resistance is necessary if the roof will experience
Hardness ASTM D 2240 regular foot traffic; seam strength is essential in one-ply
Water Resistance systems; changes in hardness indicate a loss of plasticizer

Absorption ASTM D 570 and resistance to mechanical damage; absorption and permea-
Permeability ASTM E 96, Proc. B bility are necessary characteristics if the membrane is

Ozone Resistance ASTM D 1149 used over existing roofing systems with possible moisture
Glass Transition ASTM D 3418 entrapment; D 1876 and D 412 tests should be run at 700 F.

Field Tests and Monitoring
Weather Data These measurements are needed to correlate with strain and

Temperature temperature measurements.
Humidity
Solar Radiation
Wind Speed and Direction

Periodic Field Observations This type of inspection with photographs will provide a
Visual Inspection record of physical changes and/or appearance.
Nondestructive Moisture Measurement

14
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3 PHYSICAL AND MECHANICAL PROPERTY CHANGES

Climate Comparisons Between Fort Lewis and Fort Benning

The Fort Lewis area is characterized by equable temperatures, a pronounced though not sharply
defined rainy season and considerable cloudiness, particularly during the winter months. The prevailing
southwesterly circulation keeps average winter daytime temperatures between 40 and 50 OF and nighttime
readings between 30 and 40 OF (Table 3). During the summer months, the nighttime readings consistently
range from 50 to 55 OF. A typical summer afternoon would have readings between 70 and 85 OF. The
hot spells last only a few days. The agreeable temperatures and the light precipitation characteristic of
the warm season give Fort Lewis a very pleasant summer climate. More than 75 percent of the yearly
rainfall occurs from October through March.

The Fort Benning climate is determined primarily by its latitude, and the proximity of the Gulf of
Mexico and the Atlantic Ocean. The driest season is autumn, with the greatest rainfall in midsummer.
Fort Benning has warm, humid summers (averages 74 days with temperatures above 90 °F and short mild
winters (Table 4). The flow of moist air from the Gulf over the warm land surface results in frequent
afternoon thunderstorms during the summer. Cold snaps usually occur from mid-November to mid-March,
with daytime temperatures almost always rising to above freezing. Relative humidity averages are
moderately high, as would be expected from its location in relation to the Gulf and Ocean.

Comparing the two locations, Fort Lewis has a relatively stable temperature range throughout the
year, while Fort Benning has warmer temperatures in the summer and about the same temperatures as Fort
Lewis in the winter. Fort Benning also averages more than twice the number of clear sunny days than
does Fort Lewis (113 to 54). Fort Lewis averages more cloudy days (228 to 151). This results in a
higher heat load and ultraviolet radiation on the roofs at Fort Benning, and the correspondingly higher roof
degradation associated with the increased solar exposure. The mean daily solar radiation is about 413
Langleys at Fort Benning, compared to 300 Langleys at Fort Lewis (Figure 6). Fort Benning averages
more than eight times the number of thunderstorms and associated severe weather than does Fort Lewis
(58 to 7) and heavier annual rainfall, mostly in the summer. The rainfall and severe weather at Fort
Benning is significant. The hot Georgia sun expands the membrane and flashing which then cools down
and shrinks with the rain. Also, because the annual rainfall in Georgia is higher, more problems
assoriated with ponding could occur.

EPDM Property Changes

!nital EPDM Properties

:t i, often assumed that EPDM is the same material, regardless of its source; however, this is not
tic c.se. Proportions of ethylene and propylene and the diene used may vary, depending on availability,
prwe. and formula. Thus, even the products of one company may differ. However, all EPDM membranes
should m',ct ASTM D 4637-876 and ANSI/RMA IPR-1-1985 7 National Standards. The EPDM materials
delivered to tne two sites are the products of the same manufacturer. The initial test values shown in
Table 5 arc averagcd from several tests on the materials delivered to each location. The range of values
i- l a:-o stated.

Nandard Specification for Vulcanized Rubber Sheet Used in Single Ply Roof Membrane, ASTM D 4637-87 (American Society

for Testing and Materials (ASTMJ, 1987).
Rubber Sheets for Use in Roofing Applications, Minimum Requiremientsfor Non-Reinforced Black EPDM. ANSI/RMA IPR-1-

1985 (American National Standards Institute. 1985).
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Table 3

Climatological Normals, Means, and Extremes for Seattle-Tacoma, WA, Airport

Temperatures (F) Precipitation in Inches Mean Number of Days

Normal Extremes Water Equivalent Sunrise to
Sunset

o>

~ < O ~. 0 0

-~~< F4I 0 0 ~ <

J 43.9 34.3 64 1981 0 1950 6.04 12.92 1953 0.86 1949 3 3 25 * 0
F 48.8 36.8 70 1968 1 1950 4.22 9.11 1961 1.58 1977 3 3 22 * 0
Ni 51.1 37.2 72 1947 i 1955 3.59 8.40 1950 0.57 1965 3 6 22 1 0
A 56.8 40.5 85 1976 29 1975 2.40 4.19 1978 0.33 1956 3 7 20 1 0
Ni 64.0 46.0 93 1963 28 1954 1.58 4.76 1948 0.35 1947 4 10 17 1
J 61J.2 51.1 96 1955 38 1952 1.38 3.90 1946 0.13 1951 5 8 17 1

J 75.2 54.3 98 1979 43 1954 0.74 2.39 1983 TRACE 1960 10 10 11 1 1
A 73.9 54.3 99 1981 44 1955 1.27 4.59 1975 0.01 1974 9 9 13 1 1
S 68.7 51.2 94 1981 35 1972 2.02 5.95 1978 TRACE 1975 8 8 14 1
0 59.5 45.3 82 1980 28 1949 3.43 8.95 1947 0.72 1972 4 7 20 * 0
N 50.3 39.3 74 1949 6 1955 5.60 9.69 1963 0.74 1976 3 4 23 1 0
1) 45.6 36.3 63 1980 6 1968 6.33 11.85 1979 1.37 1978 2 3 26 * 0

AUG JAN JAN SEP
Y It 58.9 43.9 b9 1981 0 1950 38.60 12.92 1953 TRACE 1975 57 78 230 7 3

*Less than one-half.
1tF117: "Climate of the States," Volume 2, Gale Research Company, Book Tower, Detroit, MI, 1987.
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Table 4

Climatological Normals, Means, and Extremes for Columbus, GA, Metropolitan Airport

Temperatures (F) Precipitation in Inches Mean Number of Days

Normal Extremes Water Equivalent Sunrise to
Sunset cr

_____ 0
HO

W -1 ) :0

H C) z ~ 0~

J 56.9 35.4 83 1949 3 1966 4.52 10.22 1947 0.87 1954 8 6 17 1 0
F 60.6 37.0 83 1962 11 1973 4.52 9.41 1961 1.22 1951 8 6 14 2 0
NI 68.6 43.9 89 1982 16 1980 5.96 12.51 1952 1.40 1967 9 7 15 4 0
A 77.4 51.9 92 1970 28 1950 4.50 11.67 1953 0.86 1967 10 8 12 5
M 83.8 60.2 97 1962 39 1963 4.44 8.45 1959 0.22 1962 9 11 11 7 6
J 89.4 67.6 104 1978 44 1956 4.16 10.83 1967 1.24 1979 8 12 10 9 16

J 91.1 71.0 104 1977 59 1967 5.50 13.24 1971 1.74 1957 5 13 13 13 20
A 90.8 70.5 102 1983 57 1952 4.02 10.07 1977 0.96 1956 8 13 10 9 20
S 86.0 65.9 99 1957 38 1967 3.59 6.94 1951 0.42 1955 10 8 12 4 10
o 77.0 53.1 96 1954 24 1952 2.07 8.09 1964 0.00 1963 15 6 10 1 1
N 67.0 42.7 86 1961 10 1950 3.06 12.45 1948 0.31 1956 2 6 12 1 0
1) 59.5 37.2 82 1977 4 1962 4.75 9.39 1953 0.43 1955 10 6 15 1 0

JUNE JAN JUL OCT
YR 75.6 53.0 104 '1978 3 1966 51.09 13.24 1971 0.00 1963 112 102 151 58 74

*lce -. than one-half.

IUU: "Climate of the States," Volume 2, Gale Research Company, Book Tower, Detroit, MI, 1987.
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Table 5

Initial Properties of EPDM Roofing Materials

Property Specified Value Test Method Fort Benning Fort Lewis

Tensile strength 1400 Longitudinal ASTM D 412 Average 1585 1705

(lb/sq in.) Range 1445 to 1705 1640 to 1815

Transverse Average 1525 1645

Range 1405 to 1650 1135 to 1820

Elongation 300 Longitudinal ASTM D 412 Average 540 505

(percent) Range 475 to 640 480 to 540

Transverse Average 580 515
Range 530 to 640 480 to 580

Hardness 50 to 70 ASTM 0 2240 Average 58 57

(Shore "A") Range 56 to 60 56 to 58

Ozone resistance No cracks ASTM D 1149 No cracks No cracks

Water absorption ASTM D 570 Average +0.5 +0.4

(weight %) Range 0.26 to 0.72 0.34 to 0.148

Vapor transmission 2.0 ASTM E 96 Average 3.6 1.98

(perm - its) Procedure B Range 2.4 to 5.3 1.86 to 2.04

Glass transition -50 max ASTM D 3418 Average -60 -65

te m perature (OF) Range -62 to -58 -66 to -65

Abrasion los ASTM D 3389 Average 0.19 0.19

(grams/1000 rev.) Range 0.15 to 0.22 0.17 to 0.21

Seam strength Peel ASTM D 1876 Average 0.8 2.5

Ib,in. width) Range 0.14 to 2.0 1.6 to 4.3

Shear ASTM D 882 (A) Average 18.0 28.7

Range 14.9 to 19.7 22.8 to 34.0

,!w PmpeF-ALure -75 ASTM D 2137 Average -80 -66

CF) 
Range -79.1 to -80.5 -65.0 to -66.4

nursr at 0l0°F Longitudinal Average 0.0 0.0
- 1h0ge Range 0.0 to 0.0 -0.1 to 0.0

change) ASTM D 1204

Transverse Average -0.1 -0.3
Range -0.1 to- 0.1 -0.5 to -0.1

a,. aging Tensile Average 102 100

'l.ngitudinal strength Range 100 to 107 97 to 103

urectio r) Elongation AST M D 573 Average 61 70

Range 57 to 66 65 to 80

P ' rt -f oritginal 100% modulus Average 193 136

ytcal properties Range 178 to 205 128 to 143

X,,nc, n arc oxponurle Period exposed ASTM D 2565 3-13-81/14-28-82
Operating hours 4024

t.,,nr expo~ur'e Period exposed USBR 8-80 to 4-83

Surface change Surface graying - no significant

M onths change
32 32
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The mechanical properties of the delivered materials (tensile strength, elongation, and hardness) all
exceed the values that were specified, which are the minimums stated in the manufacturer's literature.
These initial values indicate good-quality rubber sheet. However, the field scam peel strength at Fort
Benning is very low, with an average of 0.8 lb/in, of width. The peel strength at Fort Lewis is 2.5 lb/in.,
which is considered more typical of expected values. The shear strength at Fort Bening is 18 lb/in, of
width, or only 20 percent of the sheet tensile strength. The seam shear strength at Fort Lewis is 28.7
lb/in., or 29 percent of the sheet strength. According to the manufacturer, the shear strength of the seam
should be at least 30 percent of the sheet strength. Observations of the seam area after separation
indicated that the sheet was not completely cleaned of its talc coating before the cement was applied.

Of the physical properties, only the brittleness, ozone resistance, and water vapor permeability were
specified by the manufacturer. Water absorption and abrasion loss were determined so that the effect of
aging on these properties could also be measured. The brittleness value was exceeded and the ozone
resistance was met, but a difference was noted for the water vapor permeability, which was specified as
2.0 perm-mils. According to the manufacturer, this is neither a maximum nor a minimum, but is the
actual value as determined in tie laboratory. The measured value at Fort Benning of 0.06 penn calculates
to 3.6 pern-mils while the Fort Lewis value of 0.03 perm calculates to 1.98 perm-mils. Any value less
than I perm is considered to be a vapor retarder, and the manufacturer describes this product as
impermeable. The manufacturer's determination was conducted by Procedure BW of ASTM E 96-80; the
rcsults of the USACERL test were obtained from Procedure B of the same test method. Test method E
96 states that "agreement should not be expected between results obtained by different methods,'8 so even
though the measured values are not the same, they are of the same order of magnitude and are close.
What is significant is the change that occurs in the value over time.

Changes in EPDM Properties With Time

Tabies 6 and 7 outline the changes in physical and mechanical properties of the EPDM membrane
ai Fors Icnning and Lewis, respectively. Three points are worth noting. First, tests indicate the material
has the :,ormal tendency of rubber products to show slight increases/decreases in mechanical properties

rur,, exoosure to heat. For these roofs, tensile and abrasion values increased between I and 3 years after
insta!ation and then showed a gradual decrease. Second, changes in these mechanical properties are
icadil', measured and, even after 7 years at Fort Benning, the properties were no less than 90 percent of
toc manufacturer's published specifications in 1979. Third, the EPDM membrane at Fort Benning aged
f- rc ranridlly than the membrane at Fort Lewis. This difference is most evident in the changes in
'w'n )ra on a nd hardness. The major reason for this difference is most likely the level of solar radiation

(UV dcgradation). Other factors include material formulation and contaminants.

by olbcrs" indicate that the EPDM rool materials display increased tensile strength, reduced
orain , roperties, and increased hardness after accelerated aging. Results of the field test (shown in

Fi-urc 7. X. and 9) indicate similar effects of natural aging. There was an initial increase in tensile
propirics after exposure of 6 months at Fort Benning, but the succeeding tests indicate a gradual retum

,'d ri lest Methods for Water Vapor Transmission of Materials, ASTM F 96 80 (American Society for Testing and
M.!tt rials. October 31. 1980).

R, D)ipui. ei al., "Temperaturc Induced Behavior of New and Aged Roof Membranes," Proceedings, Second International
. utn on Rowfs and Roofing (September 1981).
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Figure 7. EPDM tensile strength.
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Figure 9. EPPM hardness.

'o just below the original value after 6 years. At Fort Lewis, an increase was evident up to 18 months
with a steady drop to just below the original value after 5 years. Decrease in elongation and increase in
i.ardncss indicated long term hardening of the EPDM at both locations. The abrasion loss (Figure 10)
showed a steady increase after declining during the first 3 years. Water absorption (Figure 11) cf the
membrane at Forts Benning and Lewis steadily increased over time, but the change is so slight as to be
essentially insignificant.

Seam strength testing was performed as scheduled for the system at Fort Lewis but not at Fort
Benning due to poor sample conditions. The shear strength of the seam (Figure 12) decreased to a low
of 24 lb/in. width after 2 years and stabilized. The peel strength (Figure 13) dropped from an initial
',IuC ol 2.5 lb/in. width to 1.9 lb/in, after 2 years and stabilized. The seams lost 16 percent of their initial
strength in shear and up to 24 percent of their initial strength in peel. The drop in peel strength at Fort
I c\wi .iapparently did not affect the performance of the seams. The seams at Fort Benning were initially
vcry weak but show a substantial increase in both peel and shear strengths with time. At both locations,
the systcm is fully adhered, so the strength of the seams is not as important as it would be if the
mcmbrane were either loose laid or mechanically fastened. An important result of these field tests was
that the original seams at both locations maintained their watertight integrity, despite the aging of the
membrane surfaces, except for one seam at Fort Benning.
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Figure 12. EPDM seam strength - shear.

Monitoring of the water vapor transmission and glass transition temperature was ended after the first
2-1/2 years due to the small amount of change exhibited in these properties and their relative
insignificance. Since EPDM is not considered a "breathable" membrane, the change in water vapor
trans:mssion is not in itself important. Its significance is only apparent when viewed in the context of
changes to the other properties. Also, the glass transition temperature range for EPDM (-53 to -66 OF)
i- far below the temperatures normally expected in the continental United States.

Descriiption of Coatings for PUF

At the time of construction. CEGS 07540 limited the elastomeric coating for sprayed PUF roofing
to \iiicone materials. Silicones are available in two forms' a two-component, catalyzed liquid that is
mI\cd in the gun as it is sprayed, and a single-component, moisture-cured liquid that requires no mixing.

'i hcsc materials have demonstrated excellent retention of all necessary properties, Since that time, two-
component catalyzed urethane coating has been added to the guide specification.

The urcthane base coat/Hypalon* top coat system was selected to obtain a basis for evaluating a
dlfcrent coating. Each system included applying ceramic granules to the top coat while it was still fluid.

IN paton Iq a registercd trademark of E. 1. DuPont de Nemours and Co for their brand of chlorosulfonated polyethylene.
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Figure 13. EPDM seam strength - peel.

PUF Roofing Property Changes

Initial Foam and Coating Properties

The initial values of the PUF properties (Table 8) reflect the differences between the products of two
manufacturers. Densities of the foams were within the specified range. Closed-cell content exceeded the
90 percent value normally expected for sprayed PUF within the specified density range.'" Compressive
strengths of the foam at Fort Benning exceeded the specified value of 40 psi, but the foam at Fort Lewis,
with a minimum compressive strength of 35 psi, did not meet specifications. Neither foam met the
specified tensile properties, but the higher tensile strength at Fort Benning indicates better interlayer
adhcsion than at Fort Lewis. In general, the polyurethane foam at Fort Lewis was found to be slightly
different in cell structure and material composition from the foam at Fort Benning. This difference is
indicated by lower strength, higher water vapor transmission, and greater dimension change.

Dimensional stability values are reported by the manufacturers as the percent change in linear
dimension in the direction of foam rise. The samples from the field were allowed to expand unrestrained.
Linear dimensional stability values in the direction of rise were comparable to those claimed by the
manufacturer of the foam used at Fort Lewis.

n R.L. Alumbaugh, S.R. Conklin, and D.A. Zarate, Preliminary Guidelines for Maintenance of Polyurethane Foam (PUF)
Roofing Systems, Technical Note N1691 (U.S. Naval Civil Engineering Laboratory, March 1984).
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Table 8

Initial Properties of PUF Roofing Materials

-erty Sefa Value ?&A Netod Fot sewing gFt LowIs

enslty 2.7- 3.5 ASTM 0 1622 Average 2.87 3.07
lb,cu r') Range 2.7? to 3.04 2.89 to 3.31

Dmpres.ive 40 min ASTM D 1621 Average 53 39
9trength (lb/sq in.) Range 44 to 58 35 to R 1

Tensile interla m inar USBR Average 78 55
strength (lb/sq In.) Range 69 to 89 42 to 64

W ater bsorptlon ASTM 0 2842 Average 48 49
,g/m- nurface area) Range 43 to 53 46 to 54

Foam water vapor ASTM C 355 Average 1.05 1.28

transmi.s~on (perms) Range !.04 to 1.06 0.85 to 1.65

.osed cell content Corrected A verge 97.0 96.0

'r roa m ror cell size Range 96.3 to 97.5 95.4 to 98.4
percent) AST? 4 2856

Uncorrected Average 92.1 91.4
Range 91.8 to 92.4 90.3 to 91.9

DImen onal Perpendicular I day AST M D 2126 Average 0.0 .0.56

9tability to rise 30 Range -0.42 to .0.48 0.10 to 1.23

.),roa m percent R H 7 days Average .0.39 .1.19

percent :harnge Range -0.06 to .1.13 0.59 to 1.70

i-, Linear 14 days Average .0.40 .1.13

limenon) Range -0.12 to .0.96 0.38 to 1.45

Parallel I day Average .0.11 -0.24

to rise 30 Range -0.18 to *0.36 -0.28 to -0.20
perc~ent H H 7 days Average 0.0 -0.25

Range -0.30 to -0.12 -0.39 to -0.10

14 days Average -0.16 -0.03
Range -0.50 to -0.06 -0.39 to -0.34

Perpendicular I day Average 6.74 19.52

to rise 100 Range 4.76 to 7.79 '9.26 to 19.65
percent R 7 days Average 7.89 21.40

Range 5.78 to 9.32 20.12 to 22.38

14 days Average 8.27 16.48
Range 6.13 to 9.61 14.77 to 17.8 3

P arallel 1 day Denning/Lewis Average 0.89 12.10
:o rise 100 Range 0.53 to 1.25 '1.61 to 12.67

percent R H
7 days A vermge 0.88 '3.50

Range 0.77 to 1.07 11.86 to 15.13

14 days Average 0.97 7.50
Range 0.71 to 1.24 6.22 to 8.77

j1'.-ng tA," kness USBR A verage 30 20
-L, Range 20 to 40 10 to 25

S-a'ng brit
t
le ColdeaL available ASTM D 2137 Below -104 Below -95

0 mpe,-ature (°F) temperature shown Typical

d entatlon Yla UtBR Average 68 65

. rentth Range 46 to 82 54 to 75
I, In/ ,. Coating Average 79 No break at

break Range 72 to 85 1/2-in.
deflection

:part strength Top USSR Average 210 140

'gra mq) Range 194 to 225 120 to 192

8ase 650
623 to 675

.ng vapor 3.5 sex LSTH 9 96 Average 2.2 1.6

1-ansmn son, pares Proeed e B Range 2.0 to 2.4 0.8 to 2.4

i t.In adhesion, NCEL Average 160 174
Ir iq Ln. Range 123 to 192 157 to '92

,JA.MgglA Top ASTM D 3418 Average -189 .51
"r-arldon, OF Range -190 to -188 50 to 52

Base -67
-69 to -65
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Table 8 (Cont'd)

ProPeIrty speaifiad Tals TeA Netbod Fort Bosms Fort Leube

Parallel 1 day Benning/Lewls A verage 0.89 12.111

to rime 100 
Range 0.53 to 1.25 11.61 to 12.67

7ecn day Average 0.88 13.50
7 asRange 0.77 to 1.07 11.86 to 15.13

N4 days 8/7 Average 0.9T 7.50

Range 0.71 to 1.241 6.22 to 8.77

CotigthcnesUSSR 
Average 30 20

(oai ng th ck e s R a ng e 2 0 to 0 1 0 to 2 5

Coating brittle Coldest available ASTH D 2137 Below -101 Below -95

tre apera ture (0 F) tem0perature shown Typical

indentation T ield USBR Average 68 65

stenthRange 
416 to 82 54 to 75

(srenthoain 
Average 79 No break at

breaq iange 
72oati85 1/2-in.

breakRang 72 o 85deflection

I apact -strength Top USSR Average 210 1110
Range 1941 to 225 120 to 192

Base 650
Base 623 to 675

oangvpr3.5 sax ASTH E 96 Average 2.2 1.6

Ctn guS O v ero s Procedure 8 Range 2.0 to 2.41 0.6 to 2.11

a sisa hsio n , p e m N C E L A verag e 160 17 4
C aigahso.Range 123 to 192 157 to 192

lb/sq in.

Coating glass Top ASTM D 34181 Average -189 .51

tr-ansitionl, OF 
Range -190 to -188 50 to 52

Base -67
Base -69 to -65
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For the coatings, the only values specified were minimum thickness and maximum perm rating. The
variation in thicknesses cannot be attributed only to foam surface texture, since the foam at Fort Lewis
had a smoother surface than at Fort Benning, and the coating at Fort Benning met the specified minimum
thickness. Application technique undoubtedly influenced the results. Both coatings met the specified
water vapor transmission requirements.

Measured and advertised properties for the coatings could not be compared. Since coating
thicknesses were so varied for any given sample, determination of tensile properties would be meaningless.
The manufacturers do not publish the brittle temperatures of their products, so the determination of this
property was for initial characterization only, as was the glass transition temperature. It should be repeated
that the glass transition temperature is not the same as the brittle temperature, but is a temperature range
in which heat is absorbed as the material undergoes a phase change. This difference is readily apparent
from an inspection of data in the various tables. In keeping with the purposes and financial constraints
of the test program, it was felt that only physical properties of the coating would be significant, so the
tensile (mechanical) properties were not determined.

Changes in PUF Roofing Properties Over Time

It must be emphasized that PUF, as used in liquid-applied roofing, is manufactured onsite, under
ambient atmospheric conditions, and not within the enclosed space of a factory under controlled
conditions. Trends, therefore, become more important than singularities that may result from a change
in any one of many localized conditions.

The initial and aged characteristics for the two PUF roofs can be found in Tables 9 and 10. The
compressive strength (Figure 14) has shown a slight increase with time from the initial value at both
jocatinns, each staying near or above the required minimum of 40 psi. Compressive strength is an
imponant property of the foam, as it is the one property which most resists traffic on the roof. The foam
shiould be capable of bearing all anticipated traffic loads throughout its life. It is impossible to extrapolate
thc curves into the future, as more data would be required to accurately establish the trends. Tensile
inlerlarninar strength decreased at both sites (Figure 15). The loss of tensile strength in the foam at Fort
Lci ; was more rapid, indicating that the specific foam used there loses its ability to adhere to itself,
lea'ding to the possibility of future separation of the layers.

Fig.i:c 16 shows the densities of foam samples. Recommended minimum density is 2.5 lb/cu ft.
hiS is to ensure minimum compressive strength requirements of a properly mixed spray. The foam

dn iit at Fort Lewis has remained relatively unchanged. However, at Fart Benning, the density has
\hu ., a 28 percent increase after the initial sampling.

Water absorption of the foam at Fort Benning (Figure 17) remained steady, staying below 60 g/m 2

'dv-ough 7 -cars. At Fort Lewis the water absorption remained at approximately its initial value for 4 years
,n.! then showed a significant increase during the last 2 years.

For the same reasons explained for the water vapor transmission and glass transition temperature
:clirg of the EPDM roofs, these same tests were discontinued for PUF after the first 2-1/2 years. During
the Anntal visual inspections, it was observed that the granules were becoming dislodged, with many bare
arcx-; of coating appearing.
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Figures 18 through 20 outline changes of foam and coating assembly properties. Impact and
indentation properties improved cver time as coating adhesion declined. Impact strength increased at
about the same rate at Fort Benning and Fort Lewis. The rate of increase in indentation strength was
slightly greater at Fort Lewis. At both sites, the coating adhesion has shown a large decrease. Despite
this degradation, visual inspections have not shown any significant occurrences of blisters within the
foam/coating interface or peeling of the coating

Significance of Data

EPDM

The collection and analysis of roof temperatures and weather conditions is part of the overall study
to evaluate alternative roofing systems. How these roof systems will age (i.e., what changes will occur
in their physical characteristics over time) is of great concern to this program. Tests performed by
others"1 indicate that the EPDM roof materials display reduced elongation properties, increased tensile
strength, and increased hardness after accelerated aging. Test results of the physical characteristics of the
EPDM roofs at Forts Lewis and Benning agree with the elongation and hardness changes, but disagree
with tensile strength changes. There was an initial increase in tensile strength properties after a 6-month
exposure at Fort Benning, but the tests during the last 7 years of exposure indicate a gradual return to near
the original levels. At Fort Lewis, a small increase was evident after a 12-month exposure, but this was
followed by a decline similar to that at Fort Benning.

Long term exposure has induced property changes which in some cases were different from those
anticipated in the previous report.1 2 It is now apparent that EPDM ages more rapidly under stronger
solar exposure, as is shown by the property changes at Fort Benning. Decreases in tensile strength and
eoh-ngation, and increases in hardness and water absorption all point to solar-induced degradation. These
data, although significant in understanding the property changes, should not necessarily affect the longevity
of the membrane itself.

PIjiF

The physical properties of PUF have also been tested on samples removed from roofs at Forts Lewis
aid Bnming. Tests of density, compressive strength, interlaminar bond strength, and water absorption
stow both negativ,- and positive changes. The only possibly significant change appears to be at Fort
l -wis, where intcraminar bond strength declined significantly after 2 years and waterabsorption increased
s i2nifi cantly after 4 years. Average coating adhesion values of 160 to 174 lb/sq in. at the two sites have
dcii,:d to average values of 94 to 138 Ilb/sq in. over the 7-year test period.

Degradation of the PUF roof is probably not related to temperature or exposure, but most likely is
J direct result either of the application problems encountered by the contractor, the formulation of the
rc'-i t0% (le manutacturer, the expected deterioration of the coating with time, or a combination of these.

R Dupuis. ct al.
M J Rosenfield. September 1984.
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4 RESULTS OF VISUAL OBSERVATIONS

Each roof was inspected annually as part of the evaluation process. During each inspection, the roof
was carefully checked for visible signs of deterioration, giving special attention to the patches where
samples for testing had been removed, as well as to flashings and indications of maintenance or repair.

First Annual Inspections -July 1981

The first inspections indicated that problems were already occurring where samples had been taken
and repairs made. On the EPDM root at Fort Benning, the membrane was generally sound, but some
problems were appearing. Picture framing at the insulation joints was widespread. A few very small
blisters were seen, but were apparently some wrinkles that had occurred during membrane application.
The serious problems were with the repairs where samples had been taken. The first sample patches, at
6 months, were well done and the patches were all sound. The second sample patches, at 1 year, required
immediate attention. They were still adhered to the underlying insulation, but had become delaminated
from the roof membrane. Through later investigation and interviews with the Directorate of Engineering
and Housing (DEH) maintenance personnel, it was learned that these repairs were performed in-house
u:;mn'! whatever adhesive they could obtain. It should be noted that EPI)M adhesive has a limiied shelf
!if f, and the EPDM manufacturers will not distribute materials unless the buyer is an authorized applicator
oF thcir EPDM system. In this case, the DEH had no certified personnel and could not obtain EPDM
ahesivc. It is suspected that the adhesive designed to attach the membrane to the substrate was
"Irocously used to adhere the patches, accounting for their premature failure. Fort Benning was advised
I Ioripletcly remove them and replace them with new material, taking care to remove all talc and

n hoth contact surfaces with sandpaper. It was also suggested that repairs be made in the morning
'. nite ihe temperature wa, still cool.

At Fort Lewis, the EPDM roof also showed some picture framing. Seam sealant along the field
scai w ws beginning to crack, but this was not considered serious, as the sealant is only temporary while
:!l , seam adlhe-ive cures. So far, only the 6-month samples had been taken. One patch whcre a sample
w.al bcen cut contained a small unsealed portion. The most serious problem was some, blistering above
:,ic n,il heads on the transverse nailers that divided the roof into 1600-sq ft sections. The manufacturer

m'.4 rflembrane was contacted and recommended a repair procedure.

On the PUF roof at Fort Benning, loose granules were collecting in low spots, leaving some high
, .re :;f granules. When these loose granules were brushed aside, it was observed that there were

cm,,dded granules on the surfatce of the coating. This condition suggested that the coating had already
U-Tm.: somewailt when the granules were applied, leading to a loss of embedment or adhesion. Where

,ICr luc\ had been removed and the holes patched, some of the newly applied foam had not been coated
,[ al: :.d-6 vas disintegrating.

0ii the PUF roof at Fort Lewis, granules were also coming loose, and were collecting at and washing
lo; . the drains. It was also observed that the granules had not been apolied evenly during construction,

.altem.iting bare and granulated streaks were evident over the entire roof area. Patches where samples
d ocr t:,cn were made well.
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Second Annual Inspections - June 1982

The 1982 inspections revealed that the fields of all the roof membranes were in very good condition,
but problems with the patches where samples had been cut were still evident. At Fort Benning, the poorly
adhered EPDM patches seen the previous year had been repaired using improper procedures and materials
again, but one of the original ones was now peeling off. Also, cracked seam sealant was now seen, as
it was at Fort Lewis. Insulation under some of the patches felt soft, but did not seem to be wet, so this
was not considered serious.

At Fort Lewis, the EPDM roof still had tiny blisters above the iail heads, with no evidence yet of
any attempts at repair. The sample patches made since the previous year had been repaired bettcr than
before, and all were now in excellent condition. The contractor would have to be called back to repair
a fishmouth in one of the lap joints that had developed during the year. The most serious problem now
apparent had nothing to do with the roof itself, although it affected the roof. The building is adjacent to
a large, dense thicket of pine trees, and the dead needles and other dcbris from those trees was now
clogging all the drains. This indicated a need for regular maintenance, which was discussed with the Fort
Lewis staff.

The PUF roof at For, Benning was in excellent condition, except for further erosion of the granulcs.
Th poer conditions noted in tfe patches the previous year had been corrected, and the recent sample cuts
had 4.cn repaired satisfactorily. However, the samples themselves were too small for proper testing, so
the --,r(per procedure for taking adequately sixed samples was discussed with the shop supervisor.

tThe PUIF roof at Fort L.ewis was also in excellent condition, except that as at Fort Benning, granule
e~toion was more evident than the year before. On one of the more recent patches, the coating could be
pccid oL easily, indicating a need for more careful repar of the surface. Flashing around one steam vent
',,ad hiokenl and was badly deteriorated. Expansion and contraction of this pipe had not been considered
curit, design. This vent was the most active one in the building, cycling frequently between hot and cold.
I'his indicated a neco for careful study of methods of flashing pipes that cycle between hot and cold so
t .prevent the entry o, water and stiil permit expansion and contraction of the pipe. Two possible

.. ' 'ds \.rc offered to the Fort iLewis staft. One was from a draft of a Navy guide specification. The
., , dctail suggested in a publication of the ('rethane Foam Contractors Association.

,,'. al Inspections - June 1983

All ti. failing EPDM patches at Fort Benning. except one, had been repaired and sealed with lap
.... . ihe one cxccpion exhibited three diistinct layers: the field membrane on the bottom, the patch

tlop, an the adhesive (whatever it was) as a separate sheet between the two, not adhered to either
k" rv likely t1,,t all of these repair patches were improperly made and hidden by the lap sealant

: I',k,! K edges of the patches.

\t h-rt ewis, the tiny blisters over the nail heads, visible at each previous inspection, had been
:L r ,iicd a. recommended by the manufacturer, but had reappeared. The membrane had become unbonded
i.,, n .e i.asuiation arolund one of the drains, but was still wa:ertight. The fishmouth in the scam that was
no. i. tu: ing the previous inspection had not been repaired, and the underlying insulation was wet. The
n.Atuic framing was more pronounced than observed during the 1981 inspection, but this apparently had
10p a~erse cf',ect on the roof membrane. The building occupants complained of a leak at one of the

exh.aust ,ins Inspection disclosed that a new indoor electrical junction box had been installed on top of
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the motor flashing, and no sealant had been applied. Stains on top of' the penetration cover indicated
ponding of water with subsequent drainage into the building under the junction box. Although the roof
drains had been cleaned since the last inspection, they had again become almost cnmpletely clogged with
dirt.

,The PUF roof at Fort Benning was in excellent condition except for one patch where the surface had
been scratched, exposing the foam.

The PUF roof at Fort Lewis was an entirely different matter. All 20 locations where samples had
been removed were now cracked around all or part of their perimeters, and 8 were so saturated with water
that thecy squirted when stepped on. The flashing around the steamn vent had been repaired arnd rebuilt
properly, but the corners of the counterflashing around an exhaust duet penetration that had been remroved
and replaeed, were not resealed. More granules had been displaced by. wid scour, and the bare st~caks
were wider and more pronounced than before. It was recommended to the Fori Lewis staff' (hat all 20
patches be removed, cleaned out, and repaired by a qualified foamn applicator.

Fourth Annual Inspections - June (Fort Benning) and August (Fort Lewis) 1984

Nlanv patches on the EPD1%4 roof at Fort Peningi "ece tl!ing. All live of' th mo1st recent sample
Hes and one of the previous set were coniin loose, an.] water wold1 Spurt Out of One location where

wld ;cani in the memribrane was coming- open. It d'as etrmined at thi. iime to contact the
~a~actrcrto discuss failures of the repair technique and determine if adequ;afe repairs could be miade!.

F1PO.\ roci at Fort Lewis was cssentialik in excellent c-ndition, sN wino muc,-h Ics, %'ea!hCrinl
teroof at Fort Bcenning. All repairs i-ad cenci made properly aid crc wcl honded The Ipi turc

rr:t'was ; tll no, a prohlem, as the mcmrnoi., was p!'orr'A;iV flexible, at alt p~accs.

lP1 .,of at Fort Peniningr w~as ii, ecclient condit;on except 1P r I% o mlibt- .diuntr
i*' l-ie patch that was scra',c! d 'he prz-vious k'car had hocarcrd K;pedigcoecaiant.

-; i, Jcl fihad beeni scouredI ff, Vher r xa, no dcier, Ioration.

I -t e c~vis, thw patchos or, the PUF '.uOf had a'.l hecn repaired. but 0-,. ca,1ng thai had1, hCC
t(,, nin to tx do r-tic t!'tc problem ancrdtth elfect i)n a !-,cci A rootc c of

u en intnau'ec1ew V o h r~ C rad 'e air nand Ii ng cq ma aI e sc r,. i .]d
W s' ci and in remioving thc cov'er pail-s, thec workers nad allo,,ed the comeci o I the
7- fcamn hat itog ocucinme f'W'o rrucu' Tlie i jino xr oii

1. a~j~d i ts oqu -i~t e .Uri nof u1onsiruciior WA a prntv Cl )Llh to rest '
IC, vol Lcwis stl a a,1;S'is 10 ccI ol". tbhee piwfures and c:n ithem v','nh at si 1conec

It il 'I rpml inspectioits - Mlarch WFort Ilerning'I and May W ort l.teVis) 1985

.v tort Benniie, thie LPDM p,'tclics that had been 1[ai ing nrcVI'aUSI %Nwere KOh a! iiuc.1 the
10C' 'A as in good conidition. lk'mniaeueradths tcewIthht - bae I p I~ og

j ! a, .ny replac-ed thfil p.Iic - ae splicinag ccrmont. lai-stcad of cleaning the su: 'aee with
scJ.t *'s and sandpaper, water and ordinairy k i thcn sein ro pm\dor applied %kith a plastic so ii pad

'a' sel.

40



At Fort Lewis, the EPDM roof remained in excellent condition. The previously unbonded section
around the drain had been repaired and was well sealed. However, normal maintenance was again
inadequate. Although the pine-needle debris had been cleaned away from the drains, it was left in piles
on the roof instead of being removed, and would only wash over and clog the drains again.

At Fort Benning, a serious problem was becoming apparent on the PUF roof. A boiler vent pipe,
previously inactive, had caused considerable damage to the surrounding foam by its expansion and
contraction. There were also punctures in the roof surface where a wood hatch cover had been removed
and dropped. Repair procedures for these problems were thoroughly discussed with the Fort Benning
staff.

At Fort Lewis, the repairs to the PUF roof were still in good condition, but the punctures from the
air handling equipment covers had been repaired by pouring some hot asphalt into them. The Fort Lewis
staff was advised to watch them carefully for any signs of trouble. If any w-,. "'-ould penetrate, they
would have to be cut out and repaired by filling with a urethane sealant if sn,,, enough, or with a
urethane board set in a full bed of sealant and a urethane coating applied to the surface.

In October 1985, a special trip was made to Fort Benning to observe the annual sample cutting of
hc EPD\i roof and study a new patching method developed by the mernbrane manufacturer and

pcrionn.,:d by a manufacturer's representative.

!r-ieioi of ceaning the surface with solvents and sandpiaper, ordinary kitchen scouring powder and
v. atcr were used, applied with a plastic scouring pad. After scrubbing and flushing, the procedure was
r-epeated until the dry membrane did not leave a black residue when rubbed with a finger. The new repair

;:thc, involved a pressure-sensitive uncured material, both by itself in a roll on a release paper, and as
, , co a sheet o! EPDM rubber, again on a releas2 paper. The roll material was applied first,

,v K:wcd ay a well scrubbed piece of membrane. The other type was pressed into place. In both cases,
wein, :;wcaant vas applied to all edges after repairing the cut Lreas.

\' n A ual lnspect;ons - May 1986

.t t-ot Benning, the sample patches cut in October 1985 and sealed with the special tapes were still
(.a c(dition, but many other, older patches performed by in-house personnel were again failing.

ai Oc !-.NI)M roof at Fort Lewis had some slight openings of a few seams and patches. Since the
,, c was still about the same as when the membrane was new, with no apparent deterioration, the Fort

' , ;:nrf was certain that permanent repairs could be made without difficulty.

" ic PCF raof at Fort Benning was in excellent condition as far as the undisturbed area was
t-, c&, hut many patched areas were saturated with water where the coating had cracked and the repair

fo-.1:1 11,n. A ._par;,ed from the parent material. The damaged area around the boiler vent pipe had not been
,- repaired. the coating had almost completely disappeared, and the foam was rapidly deteriorating.

\t ;., l- Le,% i.. the PUF repairs that were observed the year before to be made with hot asphalt had
not , c, corrccted, but appeared to be holding well. Two other patches were failing because the granules
tiom t'c original roof had not been adequately cleared away, and so prevented proper adhesion of the

loan) im "nc case and the coating in the other. Otherwise, as at Fort Benning, the undisturbed area was
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In December 1986, when the Fort Benning staff attempted to cut the next set of EPDM samples, they
determined that there was no location left where the desired type of sample could be cut. They
immediately informed USACERL of this development, and it was agreed that the sampling nrogram would
cease, but visual inspections would occur annually for the balance of the program. As there could no
longer be a comparison between samples from Forts Benning and Lewis, the sampling program at Fort
Lewis was also discontinued, but annual visual inspections continued.

Seventh Annual Inspections - March (Benning) and April (Lewis) -1987

At Fort Benning, the in-house repairs to the EPDM and the repairs to the PUF roofs had become
badly deteriorated. The self-stick EPDM patches applied only 17 months earlier were performing well.
Several of the foam plugs in the PUF roof had split, and insulation in both roofs was saturated with water.

At Fort Lewis, only minor maintenance was needed on the EPDM roof (sweep off the dirt and debris
and unblock the drains). This is a never-ending problem at Fort Lewis, because of the constant shedding
of needles by the adjacent pine trees. The PUF roof, although still in good condition, now required
recoating. Some punctures had hop. made during the previous year, and some coating was peeling from
several repairs. All this would have to be removed and refoamed, loose granules swept off, loose coating
removed, and new coating applied to the entire roof. It was agreed between the Fort Lewis and
USACERI. staffs that reapplication of granules would not be necessar,.

Followup Inspection at Fort Benning -January 1989

Due to the severity of the reported problems with patching of aged EPDM, the manufacturer was
contacted for advice. The manufacturer was confident in the repairability of the aged material and offered
it show personnel from USACERL and Fort Benning how to make sound repairs on the roof.

:itial in\ cstigation of past patches showed most of them to be made with some unidentifiable grey
.Y1 ,ive between the roof and patch but not bonded to either one. There was little doubt that these
.'.,:; ; would leak. Other patches were identified as having been made with neoprene-based seaming
, t, -, n,. Although these patches were probably made before the us- of butyl-based adhesives in 1984, it
... 'iown when these patches were made and whether other patches with the neoprene-based adhesive

hat,, tletcd and been replaced. These patches appeared to be watertight but the peel strength was very low
a- :t was decided to replace all of them. A third type of adhesive was the butyl rubber based splicing
ccr-ect. The;r was no doubt that these patches were watertight. It was nearly impossible to peel the

I , by hand. Two patches were removed for samples and the others were left in place. One patch
or dw, roof had been made with splicing tape in 1985 by the manufacturer. This patch was actually a
scris of ovcrlapping strips. Removal of two strips was difficult, showing the peel strength to be good
hut iess than with the butyl cement. A likely problem wilh this patch is the 'I -joint where three layers
,,,'r. This was actually done for experimental reasons and it should be avoided in practice.

The original seams made when the roof was placed looked adequate. Although in some locations
arc ncoprene adhesive was weakly bonded, it still appeared watertight. Many of the old patches were not
n,,do in a pcrmanent manner or were made with the outdated neoprene adhesive and were replaced with
paa:ii:es made with the butyl rubber splicing cement and silicone in-seam sealant. It is expected that the
present proccdure will prove to be excellent on membranes that have weathered 10 years and even much
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longer. Replacement of the neoprene-based adhesive with butyl-based adhesive was a major improvement
in EPDM technology.

Discussion of Visual Inspections

EPDM

Installation of EPDM fully adhered systems at Forts Lewis and Benning afforded an excellent
comparison of the effect of direct exposure on the material when the same material was installed in two
completely different climatic conditions. In this case, the materials were products of the same
manufacturer, so it is reasonable to assume that the formulations were similar.

Throughout this study, problems in repairing the EPDM roof at Fort Benning were evident. Virtually
all the problems were caused by repair procedures that were temporary at best and were not up to the
standards of a professional roofer. The worst patches were made with an unidentified grey adhesive.
Other improper patches were made with a lap sealant or a bonding adhesive rather than a seaming
adhesive.

Patches made with proper materials were not without fault. The neoprene cement resulted in a low
"ecl strength. Despite this, the patches did appear watertight. This is no longer of great importance
rhecause the neoprene has been replaced by butyl-based splicing cement. Peel strength for the butyl
adhesive appears more than adequate for normal conditions. The membrane at Fort Benning has aged and
wcathercd for 10 years and quality patches can still be made with the butyl-based adhesive. As with an",
roofing system, proper application procedures, such as avoiding T-joints, improves performance.

The biggest problem found during the visual inspections was a lack of proper repairs. One method
,f epairing an EPDM membrane is to contract the work to private roofers. The DEH often does not have

the contracting mechanism in place to obtain these services in a timely manner. Also, there is a time lag
11n, temporary repairs must be made until the contractor comes weeks or months later. A second method

o tain the proper materials and do the work in house. The problem is that some manufacturers will
not c ! their EIPDM roofing materials to roofers without factory training and certification.

PUF roofs at both Forts Benning and Lewis were repaired with varying degrees of success as the
-. pa';sc,,J. In some cases, the problems could be traced to inadequate cleaning or other surface
,'par ttion. In oiher cases, there was no apparent reason for failure. Due to the inadequate repairs, the
'L- ri' f at Fort Benning was so saturated with water after 7 years that it was decided to remove it and

,;,,py a new membrane of a different type, which would not be disturbed. At Fort Lewis, the most serious
.ltlrioratoon was to the coating, which after 7 years was almost worn through. However, this is normal
., a l', I!F roof coating. Wet areas and broken patches would have to be removed and refoamed before

:rating, bt once this was accomplished the roof would remain undisturbed except for visual inspections.

Pre,,iously published maintenance and repair instructions,1 3 although complete, did not contain
emtimates of the expected life of a PUF roof repair, even though different foams were used for repair than

1. Ah.mbaugb, S.R. Conklin, and D.A. Zarate.
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were placed originally. While it is not known for certain that incompatibility between the original and
repair foams existed at Forts Benning and Lewis, it was observed in almost all cases that the repair foam
ultimately became unbonded from the originally installed foam. It also made no difference whether the
repairs were made by qualified contractor personnel or installation maintenance shop employees, as the
long-term results were the same.
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5 CONCLUSIONS AND RECOMMENDATIONS

Conclusions

From the experiences during a 7-year period of exposure, sampling, and repairing, the following

conclusions can be drawn about EPDM and PUF roofing materials.

1. The EPDM membranes on the test roofs performed satisfactorily through the 7-year period and

appear to have many years of satisfactory performance left. The membrane can be repaired but this

requires the proper materials and procedures as recommended by the membrane manufacturer. Care must

be taken in preparing the seam area and applying the adhesives correctly.

2. The replacement of neoprene-based splicing cement with butyl-based splicing cement ha

improved the performance of properly made seams (especially repair seams on aged membrane) from

marginal to very good.

3. Failure of PUF repairs was an unexpected and disturbi-g restJ- of the test program. especially

since the undisturbed areas of both roofs remained in essentially good condition. This indicates that a

well-applied PUF roof should give excellent service, needing only a recoating as the original coating wears

away. The tests indicated that both the urethane/Hypalon coating used at Fort Lewis and the silicone

:coating used at Fort Benning are good, serviceable materials, and should continue to be used.

4. Current repair techniques for PUF roofs seem to be somewhat inadequate, in light of the history

f ithe two test roofs. The PUF seems to be dependent on compatibility of materials, although aging of

the foam should not he discounted.

Recommendations

1. It is important to be committed to proper maintenance of EPDM or any roofing system, before
it. u, n. Army facilities. For repairs to be made quickly and properly, it is recommended that DEH
i..oritcl ni authorized appiicators on an open-end contract be properly trained in the installation and

; a'V tchniques for each type of roofing system used on the base. In the case of EPDM, this would
!c,,lire pers,,nncl to take a factory training course which is available at the manufacturers' regional

:'Lion Or made available on post. Difficulties may arise if trained personnel quit and material problems
mr, arise if the single-ply adhesive products exceed their shelf-life which is generally 1 year.

2. Contracts for speciflc repairs are necessary if personnel are not trained to make proper repairs
arc unable to make the repairs for other reasons. In this case, it may be difficult to obtain timely

Iclr.,-. If the roof is leaking and proper repairs cannot be obtained immediately, temporary repairs should

"'t :1, Ic Is well as possible until permanent repairs can be made.

3. The current edition of CEGS 07540, which permits the use on PUF of both silicone and urethane
(-,,ltings, should be expanded to include the use of a urethane/Hypalon coating as well.

4. Care must be taken during design of PUF roofs that all details take contraction and expansion

oti consideration, so that splits and failures will not occur when the roof is put into service.
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5. Studies should bc undertaken to evaluate the ef fect of different foam formulations si~d ages on
the ability of newly applied foam to bond to that which IS UdUdy III PIa~k;, Uu' t0 detCe1hM.in.C hoICW loig
this bond can be expected to last.

METRIC CONVERSION TABLE

I in. = 2.54 cm

I lb/cu ft = 16.02 kg/rn3

I lb/in. = 0.1751 N/mm
I lb/sq ft = 4882 g/m2

I lb/sq in. = 0.006895 MPa
6895 N/rn2

I milu 0.001 in. = 0.0254 mmr
0.55 (-F - 32) = C

RLF'ER;N(:ES

\~.hig.R. L., S. R. Conklin, and D. A. Zarate, Prelaninary Guidelines for Afu~tiinance of Polyurethane Foamn (PUF)
Rooizg Syvtems. Technical Note N169i (U.S. Naval Civil Enbincering Laboratory. March 1984).

CF(;S 0i540, Elastomeric Roofing, Fluid Applied (OCE, June 1987).

C> :rl- :,f E. .inicevs Guidc Specification (CEGS) 07536i, Ela.%tomeric Roofing (EPDM~) (Office of thc Chief of Engineers [OCEI,

Dupu~w%, Ken-% et il., Tcpcraturc Induced Behavior of New and Agcd Roof Membranes," Proceedings, Second International
v~nposiwn on Roofvr md Ro-flng (September 1981).

MU1a1. E.. et. a!., Ev'aluatiorn of Alternative Reroo-fing Systemns, Initerim Report M-263/ADA071578 (U.S. Army Construction
I icugRosearch Laboratory IUSAC1LRL). June 1979).

'41. J.. An Evaluation of Polyvinyl Chloride (PVC) Single-Ply Mlembrane Roofing System,;. Technical Report M.
.- \~V.(}N31(tSACERI.. March 18)

FJ~ c'N. '., Evaluation of Sprayed Polyurethane Foam Roofing and Protective Coatings. Technical Report M-
- '~)A',0Q6()6 USACERL, Novccr11)

\1 i . Field lest Reuhs of Experimental EPDMf and PUF Roofing, Technical Report M-357/ADA147697
I I SACLRL, September 1984).

r .J NI J, ind D. E.. Brc'thcrson. C'onstruction of F.kperirnenial Roofing, Technical Report M-298/ADA109595
'SA( ERI.. N,)vcmber 1981)

). ''br 1 1t rc.r Use in Roof ing Applicarions, Mfimimumn Requiremnents for Non- Reinforced Black EPDM4, ANSIIRMA IPR-1I-
I ),. (American National Standaids Instilute, I 98si,

2''1 i'd S(It/watip /or Vulcanized Rubbet Sheet Used in Single Ply Roof Membranes, ASTM D 4637-87 (American Society
'r I ~ing and Maicrials, 1987).

.\,i'idard 7es, Methiods for Water Vapor Transmission of Materials, ASTM E. 96.80 (ASTM, October 31, 1980).

46



USACERL DISTRIBUTION

Chief of lngincers ATTN: DRXMR-WE ATI N: British Liaison Officer

A'I'N: CEHEC-IM-LP (2) ATTN: DRXMR-AF ATTN: A '' diin I iaison Officer

A IFIN: CEllF.(-IM-LII (2) ATTN: French Liaison Officer

AI N: CFCC-P USA AMCCOM 61299 ATTN: German Liaison Officer

A 1IN: (FCW ATTN: AMSMC-RI ATTN: Water Resources Support Ctr

AIN: C'C(W-O ATTN: AMSMC-IS ATTN: Engr Studies Center

I iN: CIECW-P ATN: Engr Topographic Lab

A'IN: CECW-RR AMC - Dir., Inst, & Servc AITN: ArZA-TE-SU

A17N: CEMP ATN: DEI! (23) ATTN: STRBE-BLU
T
RE

\ F7N: CEMP-C
AI N: CFSME-I" DLA ATTN: DLA WI 22304 CECRI., ATTN: Lilbrar 03755

A ITN: CERD

A IFN: CERD-C DNA ATN: NADS 20305 WES, ATTN: library 39180

A F7N CERD-M
\FIN. iIERM FORSCOM ItQ, XVIII Airbmn Corps

AFIN, DAIN-ZCE FORSCOM Engr, ATIN: Spt. De. and Fort Bragg

A7:!'N, DAFN-ZCI ATN: DEH (28) A'TTN: AFL7A-FE-EE 28307

1 -1 N I)AIiN-ZCM
tISC Area Engineer, AEDC-Area Office

C1.1 ISC, AFI'N: Librar,' 22060 FL Sam Houston AMC 78234 Arnold Air Force Station, TN 37389

A 1*1 . DI-T III 79906 ATTN: ItSEO-F

A1fN (TE)ISC-F 22060 Fitzsimons AMC 80045 Chanute AFB, IL 61868

F: N: C1-1ISC-1T 22060 AFN: ItSIIG-DEII 3345 CES/DE, Stop 27

A 1N 2fEISC-FB-S Walter Reed AMC 20307
ATTN: Facilities Engineer Norton AFB, CA 92409

I , A, in Europe ATTN: AFRCE-MXIDE

\I .\IN -ODCS/Engr (2) 09403 INSCOM - Ch, lnstl. Div

\i-ES 0981 ATTN: Facilities Engineer (5) AIESC
, Tyndall AFB, FL 324(),

V Corps
AIFN: DEll (12) MDW. ATIN: DElI (3) NAVFAC

Vil Corps ATTN: Engineering Command (9)

,\FIN: DEII (16) MTMC ATTN: Division Offices k11)

21+ '.uppor Command ATTN: MT-LOF 20315 ATTN: Naval Public Works Center (9)

AFN: I)Ii"1 (12) ATTN: Facilities Engineer (3) AITN: Naval Civil Engr Lab. (2)

A Berlin ATTN: Naval Constr Battalion Ctr

Ali
7 11-1i tiO) NARADCOM, ATTN: DRDNA-F 01760

;AS! 1 A- NCEL

SIN: I1N1; TARCOM, Fac. Div 48090 ATTN: library, Code L08A 03043

%,, t (,,imaod Iurove (ACE)

\;'IN CS(;Al-i :ngr TRADOC Defense Technical Info. Center 22314

I\ SItIIIG/Engr IQ. TRADOC, ATTN: ATEN-DEH ATTN: DDA (2)

ATTN: DEll (18)

A, Korea k 19) SETAF Engineer Design Office 09019

I'SARCOM, ATTN: STSAS-F 63120

siNK, S (ombird Forces Command Engr Societies Library, NY 10017

.3 1 USAIS

\i iA S, 1111C Cl:C/Engr Fort Iluachuca 8.5613 Nail Guard Bureau Instl. Div 20310

AITN: Faciliteis Engr (3)

, Piw it s\11 Fort Ritchie 21719 US Govt Print Office 22304

,", lS'N '03143 Receiving Sect/Depository Copies (2)

\ F N Fi- Figr 9f6343 WESTCOM

\Fl N: DIII-ikinawa 96331 ATTN: DElI, Ft. Shafter 96858 US Army Env. Hygiene Agency
ATTN: APEN-A A'ITN: HSHB-E 21010

'1ii I npctr (Cmrnad 60623

A F'1N I-.vitics E:ngr SHAPE 09055 National Bureau of Standards 20899
ATTN: Surv. Section, CCB-OPS

\IdharN A-id~mv i0960 Infrastructure Branch, LANDA 267

Si'l N. ! a-itis Engineer 04190

,\ IN I)t of Geography & IIQ USEUCOM 09128

Ur,2puicr Science AITN: ECJ 4/7-LOE

I I N M,%I:N A
FORT BEI.VOIR, VA 22060

\MIMP( 021-72 ATTN: Canadian Liaison Officer

47



EMM Team Distribution

Cicrf of -nigneers 20 114 Galveston 77553 ATTN: Chief, Eng Div 97208
AITN CIt ZA A-I-N: Chief, SWGAS-l.
* ITN CfIL-C-M Q) AITN. Chief. SWGCO-C 7th US"Am 09407
A I* N I)AHN /(-P A~rN: Chief, SWGED-DC ATrN: ALETI*M-Drr-mG-EH

Albuquerque 87103
A1TN Chief. Engr Div [IQ, Combined Field Army (ROK/US) 96358

AIT\V CIIS(-Fit tos Angrics '~2O3ATTN CFAR-EN
ATrN: Chief. SPLED-P

I S Arm) 1Ingineer Distn..t Sarn Francisco 94 105 US Army Foreign Science and
New Yoirk 10278 AITN. Chief. Pngr Div Tech Center
.*\VN (Crue,. Design fir Sacramento 95814 A'ITN: Charlottesville, VA 22901

IL)' 'o,1420' AITN. Chief, SPKFD-D AT'N Far Fast Office! 96328
AIN i hx . 1iigr Div ATt'N Chief. SPKCO-C

Pa'ubirgr 15222 Far Fasi 1)6101 USA ARRADCOM 07801
*5.IT ChicF (3RIXCD ATFN. POIEDDI. A 11N: DRDAR-ECA-OK
AN 1 hut1, ilgr D~v Japan 96141

')106pri Aii ATTN Chief, Frigr Div tIQ, USAMRDC 21701
A FIN (bef.N API\ [D Portland 97208 A1TNi SCIRD-PI.C

I r, 2 1203 AT'N: Gecotedi Enigr fir
A:Il Cic:. l-fr [ivs ArrN Chief, FM I West Point, NY 10996

NdorfL _i , 51") A ITN: Chief. EN-DII-SA ATTN: Depi of Mechanics
Cu ,cf.N AOL-NM Seattle 189124 A1TN: ibrary

i! N (hi. NOFND1 ACI'N: Chicf,.N OSCO
~,c 5ATI'N. Chief, NPSrN -Ni Ft. lielvoir, VA 22060

(F\ htr (iPPtlG A'IT'N: Chief. FiN-DlH-ST AITIN learning Resource Center
C v 4i I SI Walla Walla 99362

A (' C, F. NA-N1) ATT-N Chief, Engr Div Ft. Henning. GA 31905
k ~ ) t Alaska 99506 ATTN: APZB-DEH-BG

Clvef F , Div AIN: NPAtEN-G M Arm~N A-172F.4-F

P hic% liAgASI1. US Army Engineer Division Ft fmevenworth, KS 66027
-"1221" New FEnglandl 02154 AflN: AIZICA-SA

NC i" 14rco AMN Chief, N:D[DT,
106KAFIN l~Ahoratory Ft. Lee, VA 2-3801

h~f S';MFN-t) A*I-tN Chief, NFDCD AIJN: A.MXMC-D (2)
I.N ia 1u. EA~N F North Atlanitic 10007

;.'s. If S iiet StF. C AI'IN Chief, NADFN.T Ft. McPherson, GA 30330
NA. .v .. ~Middle Fast (R":ar 22601 ATI'N: AFEN-CD

IN (ne. ORlNl).-P IN Chief, MIl.D.DT
.3x:( 1 Ft. More, VA 23651

A N 'cr. A.i [lt iv South Adint, ATI'N: ATEN-AD
_4I \4 j: ' )~ D-D ATI N. Laboratr, 30060 ATTN. ATISN-FT-ME

A IN: thief, SA3F.N-TC 30301 AFI-N: AITiN.FN (2)
.1 ' 'c. iug; P... A 11N: Chief, SADEN-TS 30303

- . ., .Ft. Richardson, AK 99505
N I 'g '[icIlurisvidie 35807 A~rN: AFVR-DE-E

An N. Chief, lINDI;D-CS
0 ef 'CI DT AuTN: Chief, IIND[D-M Rocky Mounwi Arsenal 80022

-.. ,A']']': Chief, II.NDFD-R AITN: SARRM-CO-FEP

Lower Mississippi 39180
Ch- N, liFt) (11 AITN: Chief, I.M0VEDG0 USA-WES 39180

Ohio River ATTN: C./Structures
'igr , v AlIN. [anoratory 45227 A'ITN: Soils & Pavemets Lab~,.. v NAI N: Chief. ngr Div 45201

Vn RED 'Sl Missoui River Naval Facilities Engr Comrnand 22332
AIIN Ctrief,MRDED-G 68101 ArTN: CODE 2003

t'rt l1i 1 ATI*N. Laho-ralory 68102
t466Southoestetn 75 4)2 COMMANDE R (CODE 2636) 93555

tec'l tngr Div ATTN: Lah'iratory Naval Weapons Center
"X!""A17N: Chief. SWDLD.MA

h- -f, I r ge 11is AITN: Chief, SWDED.TIJ little Rock AFB 72099
70:"k, SIiuth Pacific 1,4966 AIN 314/DEEE

! N ufIMNED-D(1 ArlTN. Laborato~y
ik '2201 Pacific Ocean 96858 Building Research Board 20418

IN lliilIrgrl D ATTN -: Chief. Engr Div
. [1: 21 Ar [N: FNI&S Rranat Dept of Transportation Ubrary 20590

hiI ief, lngr Div AM*N PtDFD-D)
7"1it) ~,07 North Pacific I ranspoetatiort Reseh Board 20418

,,;I N Chef SWILI)D AnrlN Materials% I shoratoty 97060(

+1
064190



Additional I)istrihution

l:ort Drum, AI'/S 1: P 1 160-2 M;9

AIlIN t)l 1"l(onstnj'tron

NAVFA(TEN(;('OM Atlantic Division 23511
ATFN: Code 406

U.S. Bureau of Reclamation 80225

Tyndall AFB 32403
ATTN: AITSC-DEMM

Williams AFB XS224

ATTN: 82 ABG/DE

NAVFACENGCOM 22332
ATTN: Code 461C

Federal Aviation Administration 60018
ATTN: AGL-436

USA Natick R&D Laboratories 01760

ATTN: STRNC-D

Norfold Naval Shipyard 23709

ATTN: Code 440

U.S. Army Engr District

New York 01731
AT'N: Mail Stop 5

Wright Patterson AFB 45433

ATTN: IIQ-AFLC/DEEC

Naval Air Development Center 18974
ATTN: Public Works Office

NCEL 93043
ATTN: Code 1.53

U.S. Dept of Energy 97208

Code ENOA

Veterans Administration 20420

ATTN: Arch Spec. Div.

First Coast Guard District 02114

ATTN: Civil Engr Branch

Fort Benning 31905 (2)
ATTN: Directorate of Facilities Engr

Fort Knox 40121 (2)
ATTN: Directorate of Facilities Engr

18
+82

04/90

(Total distribution: 48d)



SUPPLEMENTARY

qS

4 -€ -~

INFORMATION

.4

- 4' *__ ___ __



ERRATA SHEET

for

USACERL Technical Report M-90/09, "Long Term Field Test Results of Experimental EPDM and PUF
Roofing," April 1990.

Delete paragraph 4. in the Conclusions section on page 45.

Change paragraph 5. in the Recommendations section on page 46 to read:

5. Studies should be undertaken to evaluate current repair procedures and determine the effect of
different foam formulations and ages on the ability of newly applied foam to bond to that which is already
in place, and to determine how long this bond can be expected to last.


